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1-1. Motivation

[1 Recently, low interest rate environments

accelerate firm/households’ investment and
debt financing,
U

leading to non-performing loan problems (high
credit risk) In many countries.
Ex. US Subprime Mortgage Loan Problem
Japanese Bubble Economy
Why did these problems occur?

O We examine these problems by a real options
perspective.




1-2. We consider...

1 (Situationl): If there are expectations of continued
low interest rate environment

Question: Do firms increase investment and debt
financing?

[l (Situation2): If there are expectations of future
Interest rate increases

Question: Do firms make “last-minute investments”
while the financing cost are still favorable (low) ?




1-3. How to solve I1t?

d We need to analyze both investment and debt financing.
d Real options can analyze
the optimal investment timing
d Corporate finance can analyze

+) the optimal debt amount (capital structure)

d Real options + Corporate finance: Sundaresan&Wang[2007]
We can analyze the relationship between investments and
credit risks. — apply to (Situation.1)

J  Furthermore,

We extend S&W][2007] to the model where the risk free rate
changes using the technique of Grenadier&Wang[2007]

— apply to (Situation.2)




2. Under the Expectations of
Continued Low Interest Rate
(Situation.1)




2-1.Standard real options model

[0 Dixit & Pindyck[1994] vl o mvesimen

N

O sunk cost | /\/\/

Sunk cost

vs project cash flow X, |

_________________________

dXt = u Xtdt +thth > Time

Investment

[0 The firm decides the optimal investment time ¢ to
maximize the net present value:

V(X,)=max E{er(”)( I e "X ds—| ﬂ

Discounted present value of Sunk cost(investment cost)

the cash tlow
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2-2. Real options + Corporate finance

d Sundaresan & Wang[2007]

The extended model where the sunk cost is financed with
debt and equity.

Discouted present value of
investment profit X,
N

Sunk cost
|

Interest payment

> Time

T Th
Investment Bankruptcy

(Einancing with equity and debt )




2-3.Investment and Deft financing

d  The firm decides the optimal investment time T to
maximize the net present value:

V(X,) = max E,[e "I (W(X,) 1))

ek
Investment The Firm'’s Investment cost
time value

d  The firm decides theOptimal debt amount b (interest
payments) to imize the firm’s value:

W(X,) = E(X,,b)+ D(X,,b)

Max b
Equity value Debt value
/ W.(X) + Th(X.b) — Be(X. b)

/ Tax befit Bankruptcy cost
bT->TBT bT—>BCT



2-4. The equity and the debt value

d  Equity holder determines the optimal bankruptcy time z,
to maximize the Equity Value:

@
E(X,) = max E{ j e "I (1-7, (X, —b)ds + 0} oy tax rate
t

Ther

Bankruptcy Investment cash flow

time - Interest payments

Jd The Debt value:

@
D(Xt) = Et|:j e_r(s_t)bds T e_r(rb_t) (1_a)Wa(Xrb ):| « liquidation cost rate
t

The liquidation value at
the bankruptcy

Wo(X,) = [ e (1 X os
™o

Interest incomes




2-5. The model solutions (1)

|
[0 The equity value

(X b)Y (% b)Y xY b
e

The threshold of

Discounted The bunkurptcy bankruptcy
present option value>0
value
[0 The debt value
Y
b b X PD=Probability of default
Mo ——Wb(Xb) A X X robability of defau
r r Xy EL=Expected Loss
_ ) Future Exposure x PD = EL
D(X) o 4Interest at default
payments 1—7..)X
Wb(Xb)z(l—a)( )%y VX< X
r—u
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2-6.The model solutions (2)

|
[0 The option value to invest:

o4
V0 - (W(xf)—l(;] X< X

- W(x) - XX,
[0 The threshold of investment:
* B r—lu 1 -1
X, = | _ y ax
| V/B—l(l—rw) W={1+h[;jrwJJ <1

[0 The optimal amount of debt (interest payments):

1
* ,r-1 B ry o

Tax

1
B>0, y<0 EO'ZX(X—l)+,uX—r=0
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2-7. The model solutions (3)

Firm value and option value to invest

250 :
—— W(x)-I |
200 | Investmentand
""""" Wa(x)+TB(x)-I debt financing .~
V() |
150 1
100 i
50 i
0 :
-50 i
-100 1 Bankruptcy i
Life time of the Project
| X, X
150 L€ s
0.0 1.0 2.0 3.0 4.0 5.0

Investment profit x

6.0

Parameters: 1=100,a=50%, 1,,=50%, r=1%, p=0%,0=15%,
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2-8. Comparative Statics

on risk free rates r (1)

p roj eCt 250 Option value to invest V(X)

300
gr:l%z
250 Investmentand

200

150

debt financing

\L (r=2%)
Investmentand
! debt financing

100
50 |
0 P sttt s
S0 i Life time of the Project
100 Ban{kruptcy BETRTIpCY . ®
0.0 4.0 5.0 6.0

Lifé time of the Prgf)ect

Investment profit x

As risk free rate is lower, the shorter the life time of the

Parameters: 1=100,0=30%, t,,=30%, n=0%,05=15%,
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2-9. Comparative Statics
on risk free rates r (2)

B As the risk free rate is lower

The firm does not only (a) invest earlier (1)
but also (b) take a higher leverage (2)/(1)
= Therefore, the credit risk(PD,EL) increases

investment timing | amount of debt
risk free rate (profit x at time of (interest PD EL
r investment) payments b) @/(1)
1) (2)
A% 3889 LN 26| 18%,
LT N X - ] 075 | .. 39%]| . 30%
1% 3.5 2.9 0.84 51% 42%
LO59% W26 2d) 10400 ] I 6%
0.1% 1.7 4.6 2.68 88% 84%
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3. Under the Expectations of
Future Interest Rates Increases
(Situation.2)
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3-1.The Interest rate process

|
[0 Risk free rate changes following a Poisson jump process

Intergg,t rate

to
7 € 5
3 ©
i . E
> Time
Tl 'Z'2 T3

L n-th jump: r;—r,
[ intensity ;3 dt




3-2.Investment problem(1)

Question. Which "model settings” would you choose ?

Setting.1

Risk free
rate

r. |(2)Before interest rate rise

(1) After interest rate rise

Firms need to fund with the rate r,

Firms can fund with the rate r,

o

V (X,)=max E,

rek

T

e—rl(f—fl)—ro (r1-t)

+ e—ro (T—t)

time

(1) invest after interest rate rise

DX ds— |

T

DX ds— |

T

jl{ml}
)%sm

(2) invest before interest rate rise
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3-3.Investment Problem(2)

Setting.2

Risk free

rate N(2) Before interest rate rise
I | Firms consider future interest,

(1) After interest rate rise

Firms need to fund with the rate r,

rate rise ro—r,;

> time

'y
g
(1) invest after interest rate rise
e—rl(T—Tl)—ro (Tl—t)( e@S—T) X SdS — j1{7>71}
v T
V(X;)=max E;

rek

G . é?
1
+ ero(”)( eI % ds + j e IX ds— | ]1{f<r )
<n
o 41

T

(2) invest before interest rate rise




3-4. The two different discount rates

The Answer.

0 In Standard finance theory = setting.2 is correct!
We need no-arbitrage conditions between short and long rates
= time-consistent discount rate

[0 Setting.l is time-inconsistent discount(Behavioral Economics)

Especially, hyperbolic discount rate explains “short-sighted”
behavior

= Firms investment timing vary depending on how firms
incorporate the possibility of future interest rate rises.

= We examine the both two cases and compare those results.
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3-5.The optimal investment timing
(time-consistent)

[0 Firms decrease their investments, carefully considering
the likelihood of future interest rate hikes

400 Option value to invest V(x)

—0.5%
— 1%

300 '  —@—0.5%—1%: time consistent

Investment

200

100

,,,,,
P

-100

0.0 0.5 1.0 15 2.0 25 3.0
Investment profit x




3-6.The optimal investment timing
(time-inconsistent)

0 Firms make “last-minute investments” while the
financing costs are favorable (low).

Option value to invest V(x)
400

—0.5%
—1%

300 r —5—0.5%—1% : time inconsistent

200 r

Investment

100

-100 -
0.0 05 1.0 15 2.0 25 3.0
Investment profit x

This behavior is the opposite which the central bank expects (that is, 55
decreasing investment).



3-7.The case considering debt financing

Time consistent

Option value to invest V(x)

350

300

250 | (r=1%)
Investmentand
debt financing

200

r=1% —>2%)

(
Investmentand -
debtfinancing/,//
’//
-

—

150
100

50

50 [Em====== \I; ____-\l,

Bankruptcy  Bankruptcy

-100

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Investment profit x

< ® (0.5%const)
<£ @ (0.5%—1%)

-100

Time inconsistent

Option value to invest V(x)
350

300

(r=1%)

250 | Investmentand

200

150 (r=1% —>2%)
Investmentand

100 | debt financing

50
0 pesseermlRonasieit

50 F

I — T
\l,Bankruptcy

0.0 1.0 2.0 3.0 4.0 5.0 6.0

Investment profit x
< ® (0.5%const)
<——0(0.5%—1%)

Last-minute investment (time inconsistent) increases the credit risk »,



Thank you for your attention!
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